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(7) ABSTRACT

A tilt detecting device for detecting tilt by a reflection light
from a free liquid surface, comprising a photodetection
element, a liquid member for forming the free liquid surface,
a fixed reflection member fixed on a structural member, a
free liquid surface light projecting system for projecting a
light toward the liquid member, a fixed reflection member
light projecting system for projecting a light toward the fixed
reflection member, a photodetection optical system for guid-
ing the reflection light from the free liquid surface of the
liquid member and a reflection light from the fixed reflection
member toward the photodetection element, and an arith-
metic processing unit for calculating deviation based on two
reflection images received by the photodetection element.
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TILT DETECTING DEVICE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a tilt detecting
device using a liquid member to form a free liquid surface.

[0002] The present applicant proposed a tilt detecting
device using a free liquid surface and a survey instrument
comprising the tilt detecting device in JP-A-11-118482(U.S.
Pat. No. 6,204,498).

[0003] Referring to FIG. 11 and FIG. 12, description will
be given on general features of the tilt detecting device as
described in JP-A-11-118482.

[0004] A first light source 1, e.g. an LED, for emitting a
light beam in a horizontal direction is provided. On an
optical axis of the first light source 1, a first condenser lens
2, a first pattern 3, a second condenser lens 4, and a first
half-mirror § are arranged. On an optical axis of a reflection
light from the first half-mirror 5, a liquid member 6 is
disposed, and the liquid member 6 is accommodated in a
container 7 so that a free liquid surface 6a is formed. As a
material of the liquid member 6, a liquid having adequate
viscosity, e.g. silicone oil, is used. The first light source 1
and the free liquid surface 6a of the liquid member 6 are
arranged at conjugate positions.

[0005] The light beam reflected by the first half-mirror 5
is reflected by the free liquid surface 6a and passes through
the first half-mirror 5. On an optical axis of the transmission
light from the first half-mirror 5, a third condenser lens 9 and
a photodetection means 11 are arranged.

[0006] The light beam emitted from the first light source
1 is turned to a parallel beam by the first condenser lens 2.
The light beam passing through the first pattern 3 passes
through the condenser lens 4 and is reflected upward by the
first half-mirror § and is reflected by the free liquid surface
6a. Then, after passing through the first half-mirror 5 and the
third condenser lens 9, the beam is received by the photo-
detection means 11. The second condenser lens 4 and the
third condenser lens 9 form an image of the first pattern 3 on
the photodetection means 11. The result of the photodetec-
tion of the photodetection means 11 is inputted to an
arithmetic processing unit 13.

[0007] A reference position is set on the photodetection
means 11. When the tilt detecting device itself is at a
horizontal position, a pattern image reflected from the free
liquid surface 6a and formed on the photodetection means
11 is aligned with the reference position.

[0008] When the tilt detecting device is tilted at an angle
of 0, the free liquid surface 64 is relatively tilted with respect
to the device at an angle of 0 because the free liquid surface
6a is maintained in a horizontal direction. Therefore, if it is
supposed that a refractive index of the liquid member 6 is n,
the light beam reflected by the free liquid surface 6a is
deflected at an angle of 2n8 with respect to the incident light
optical axis. If it is supposed that a focal length of the third
condenser lens 9 is f, an amount of movement L on the
photodetection means 11 is given by the following equation

@.

L=fxtan(2n0) @
[0009] By the arithmetic processing unit 13, the value L of
the pattern image with respect to the reference position can
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be calculated, and tilting 6 of the tilt detecting device itself
can be further obtained by inverse calculation.

[0010] In the conventional type tilt detecting device as
described above, the reference position is set on the photo-
detection element, and there is possibility that the reference
position is changed over time with respect to a main unit of
the surveying instrument which comprises the tilt detecting
device. Also, the photodetection element may be moved due
to the change of environmental temperature. In such case,
there has been a problem that the reference position is
displaced, and error may occur in the tilt detection.

[0011] Also, in a system provided with the tilt detecting
device, e.g. in a surveying instrument, etc., a unit having a
function suitable for the work is removably mounted in
some cases. In these cases, only tilting of an assembly where
the tilt detecting device is mounted can be detected by the
conventional type tilt detecting device, and tilting of the unit
remains indefinite.

SUMMARY OF THE INVENTION

[0012] Tt is an object of the present invention to provide a
tilt detecting device, by which it is possible to accurately
detect tilting without being influenced by error over time or
by the change in environmental temperature, and further, to
detect tilting including other assembly or assemblies even
when other assembly or assemblies are mounted on an
assembly where the tilt detecting device is provided.

[0013] To attain the above object, the tilt detecting device
according to the present invention detects tilt by a reflection
surface from a free liquid surface and comprises a photo-
detection element, a liquid member for forming the free
liquid surface, a fixed reflection member fixed on a structural
member, a free liquid surface light projecting system for
projecting a light toward the liquid member, a fixed reflec-
tion member light projecting system for projecting a light
toward the fixed reflection member, a photodetection optical
system for guiding the reflection light from the free liquid
surface of the liquid member and a reflection light from the
fixed reflection member toward the photodetection element,
and an arithmetic processing unit for calculating deviation
based on two reflection images received by the photodetec-
tion element. Further, the present invention provides the tilt
detecting device as described above, wherein a first pattern
is provided in the free liquid surface light projecting system,
and a second pattern is provided in the fixed reflection
member light projecting system, and the reflection images
are pattern images. Also, the present invention provides the
tilt detecting device as described above, wherein the first
pattern and the second pattern are darkfield patterns. Further,
the present invention provides the tilt detecting device as
described above, wherein the free liquid surface light pro-
jecting system and the fixed reflection member light pro-
jecting system project linearly polarized light beams of the
same phase, wherein a A/4 polarization member is provided
in a common optical path for incidence and reflection of the
light to and from the liquid member, wherein a A/4 polar-
ization member is provided in a common optical path for
incidence and reflection of the light to and from the fixed
reflection member, and wherein the photodetection optical
system comprises a polarization optical member, which
allows only the reflection light from the liquid member and
the fixed reflection member to pass. Also, the present
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invention provides the tilt detecting device as described
above, wherein a direction of polarization of the projected
light beam is determined by a polarizing plate. Further, the
present invention provides the tilt detecting device as
described above, wherein each of the free liquid surface light
projecting system, the fixed reflection member light project-
ing system, and the photodetection optical system comprises
a beam splitter, and the beam splitter has a surface tilted with
respect to a transmission light passing through a semi-
transmitting surface. Also, the present invention provides the
tilt detecting device as described above, wherein the free
liquid surface light projecting system and the fixed reflection
member light projecting system comprise a common light
source, and a beam splitter for splitting the light beam from
the light source to a light beam directed to the liquid member
and a light beam directed to the fixed reflection member.
Further, the present invention provides the tilt detecting
device as described above, wherein there is provided a
pattern arranged in such manner that the light beam from the
common light source can pass through, and the pattern
further comprises a pattern where the light beam directed to
the liquid member can pass through and a pattern where the
light beam directed to the fixed reflection member can pass
through. Also, the present invention provides the tilt detect-
ing device as described above, wherein the liquid member is
accommodated in a container, and an upper surface of the
container is tilted with respect to the transmission light
passing through the free liquid surface. Further, the present
invention provides the tilt detecting device as described
above, wherein the free liquid surface light projecting sys-
tem comprises a half-mirror for reflecting the light beam
toward the liquid member and for allowing the reflection
light from the liquid member to pass, and the half-mirror and
the liquid member are optically integrated with each other.
Also, the present invention provides the tilt detecting device
as described above, wherein the half-mirror and the liquid
member are optically integrated with each other via an
optical member. Further, the present invention provides the
tilt detecting device as described above, wherein a refractive
index of the liquid member is approximately equal to a
refractive index of the optical member. Also, the present
invention provides the tilt detecting device as described
above, wherein an anti-reflection membrane is provided
between the liquid member and the optical member.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a basic block diagram of an embodiment
of the present invention;

[0015] FIG. 2 is a diagram to explain a pattern used in the
embodiment;

[0016] FIG. 3 is a diagram to explain another pattern used
in the embodiment;

[0017] FIG. 4 is a diagram of an output of a photodetec-
tion means obtained by receiving a light of the pattern;

[0018] FIG. 5 is a schematical block diagram of an
essential part of a second embodiment of the present inven-
tion;

[0019] FIG. 6 is a schematical block diagram of an
essential part of a third embodiment of the present invention;

[0020] FIG. 7 is a schematical block diagram of an
essential part of a fourth embodiment of the present inven-
tion;
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[0021] FIG. 8 is a schematical block diagram of an
essential part of a fifth embodiment of the present invention;

[0022] FIG. 9 is a schematical block diagram of an
essential part of a sixth embodiment of the present inven-
tion;

[0023] FIG. 10 is a drawing to explain a pattern used in
the sixth embodiment;

[0024] FIG. 11 is a basic block diagram of a conventional
type device; and

[0025] FIG. 12 is a drawing to explain a deflection angle
between a free liquid surface and a reflection light.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] Description will be given below on embodiments
of the present invention referring to the drawings.

[0027] Description will be given now on a first embodi-
ment of the present invention referring to FIG. 1. In FIG. 1,
the same component as shown in FIG. 11 is referred by the
same symbol.

[0028] A first light source 1, e.g. an LED, for emitting a
light beam in a horizontal direction is provided. On an
optical axis of the first light source 1, a first condenser lens
2, a first pattern 3, a second condenser lens 4, and a first
half-mirror § are arranged. On an optical axis of a reflection
light from the first half-mirror 5, a liquid member 6 is
disposed, and the liquid member 6 is accommodated in a
container (not shown) so that a free liquid surface 6a is
formed. As a material of the liquid member 6, a liquid
having adequate viscosity, e.g. silicone oil, is used. The first
light source 1 and the free liquid surface 6a may be arranged
at positions conjugate to each other. By arranging these
components at conjugate positions, a reflection area on the
free liquid surface 6a is minimized, and this makes it
possible to minimize error caused by surface tension of the
liquid member 6. Further, it provides an effect to reduce a
volume of the liquid member 6.

[0029] The first light source 1, the first condenser lens 2,
the first pattern 3, the second condenser lens 4, and the first
half-mirror 5, etc. make up together a free liquid surface
light projecting system 8.

[0030] The light beam reflected by the first half-mirror 5
is reflected by the free liquid surface 6a and passes through
the first half-mirror 5. On an optical axis 10 of the trans-
mission light from the first half-mirror 5, a second half-
mirror 15, a third condenser lens 9, and a photodetection
means 11 are arranged. As the photodetection means 11, a
CCD area sensor is used, for instance.

[0031] A second light source 17 is provided, which has a
projection light optical axis in parallel to the transmission
light optical axis 10 of the first half-mirror 5. On a projection
light optical axis of the second light source 17, a fourth
condenser lens 18, a second pattern 19, a fifth condenser lens
20, and a third half-mirror 21 are arranged, and the third
half-mirror 21 faces to the second half-mirror 15.

[0032] On a transmission light optical axis of the third
half-mirror 21, a reflection member 22 is disposed at a
position perpendicular to the transmission light optical axis.
The reflection member 22 is mounted on a structural mem-
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ber such as a housing of the tilt detecting device. Therefore,
when the tilt detecting device itself is placed accurately at a
horizontal position, a reflection surface of the reflection
member 22 is at a horizontal position.

[0033] The second light source 17, the fourth condenser
lens 18, the second pattern 19, the fifth condenser lens 20,
and the third half-mirror 21, etc. make up together a fixed
reflection member light projecting system 24. The first
half-mirror 5, the second half-mirror 15, the third half-
mirror 21, the third condenser lens 9, and the photodetection
means 11, etc. make up together a photodetection optical
system 12.

[0034] The light beam emitted from the first light source
1 is turned to a parallel beam by the first condenser lens 2.
After the beam passes through the first pattern 3 and the
second condenser lens 4, the beam is reflected by the first
half-mirror 5. Further, the beam is reflected by the free liquid
surface 6a. Then, after passing through the first half-mirror
5, the second half-mirror 15 and the third condenser lens 9,
the beam is received by the photodetection means 11. That
is, a first pattern image 3a (not shown) of the first pattern 3
is formed on the photodetection means 11 by the third
condenser lens 9.

[0035] The light beam emitted from the second light
source 17 is turned to a parallel beam and the beam passes
through the second pattern 19. Further, the beam passes
through the fifth condenser lens 20 and the third half-mirror
21 and is reflected by the reflection member 22. The beam
is then reflected by the third half-mirror 21 and the second
half-mirror 15 and is received by the photodetection means
11 via the third condenser lens 9. That is, a second pattern
image 19a (not shown) of the second pattern 19 is also
formed on the photodetection means 11 by the third con-
denser lens 9.

[0036] A reflection light optical axis 23 of the reflection
light from the reflection member 22 as reflected by the
second half-mirror 15 is aligned with the transmission light
optical axis 10 when the transmission light optical axis 10 is
in a vertical direction. Therefore, the first pattern image 3a
of the first pattern 3 is aligned with the second pattern image
19a of the second pattern 19.

[0037] The transmission light optical axis 10 is the optical
axis of the light reflected by the free liquid surface 6a.
Therefore, when the tilt detecting device itself is tilted, the
free liquid surface 6a of the liquid member 6 is relatively
tilted with respect to the tilt detecting device itself. As a
result, the reflection light optical axis 23 is deflected with
respect to the incident light optical axis.

[0038] As described above, when the free liquid surface 6a
is tilted at an angle of 6, the reflection light optical axis is
deflected at an angle of 2n6 where n is a refractive index of
the liquid member 6. As given by the equation (1), the first
pattern image 3a is moved from the reference position by an
amount of fxtan (2n6) on the photodetection means 11.

[0039] On the other hand, the projection light optical axis
of the fixed reflection member light projecting system 24 is
fixed with respect to the tilt detecting device itself, and the
reflection member 22 is also fixed with respect to the tilt
detecting device itself. Therefore, a light receiving position
of the light beam reflected by the reflection member 22 on
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the photodetection means 11 (i.e. a position of the second
pattern image 19a) is fixed regardless of tilting of the tilt
detecting device itself.

[0040] A deviation of the first pattern image 3a from the
second pattern image 19a can be detected as an amount of
movement L of the first pattern image 3a. By detecting a
direction of the first pattern 3 with respect to the second
pattern image 19a on the photodetection means 11, it is also
possible to detect a tilting direction.

[0041] In an arithmetic processing unit 13, the deviation
between the first pattern image 3a and the second pattern
image 194 is calculated based on a photodetection signal
from the photodetection means 11. Further, based on the
deviation, a tilting amount and a tilting direction are calcu-
lated.

[0042] The second pattern image 19a from the photode-
tection optical system 12 is used as a reference. When the tilt
detecting device itself is at the horizontal position, the
reflection light optical axis 23 of the light from the reflection
member 22 may not necessarily be aligned with or may not
be parallel to the reflection light optical axis 23 of the light
from the free liquid surface 6a. It would suffice if the fixed
second pattern image 194 is formed on the photodetection
means 11 regardless of the tilting of the tilt detecting device
itself. Further, when the tilt detecting device itself is at the
horizontal position, the first pattern image 3a and the second
pattern image 194 may not necessarily be aligned with each
other on the photodetection means 11, and the deviation
amount between these two pattern images should be used as
a correction value for calculation.

[0043] Now, description will be given on calculation of the
amount of movement L of the first pattern image 3a.

[0044] To produce the first pattern 3 and the second pattern
19, an opaque pattern is formed on a transparent substrate or
a pattern is perforated on an opaque substrate, and a dark-
field pattern is formed. The first pattern 3 is shown in FIG.
2, for instance, and the second pattern 19 is shown in FIG.
3, for instance.

[0045] First, description will be given on the first pattern
3. The first pattern 3 comprises a row of slits where slits 26
are formed by perforation with predetermined equal spacing
(pitch) p. It is supposed now that a direction of the row of
slits is in an X-axis direction, for instance. Each of the slits
26 is designed in an oblong triangular shape with its width
gradually reduced in one direction, and its longitudinal
direction is aligned with a Y-axis direction.

[0046] Next, the second pattern 19 is formed by perforat-
ing slits 27a and 27b in a cross-shape. When it is projected
on the photodetection means 11, the slit 274 runs in parallel
to the Y-axis direction, and the slit 27b is in parallel to the
X-axis direction. The slit 27b crosses the slit 26.

[0047] As described above, when the tilt detecting device
itself is tilted, the free liquid surface 64 is relatively tilted
with respect to the tilt detecting device itself, and it is moved
on the photodetection means 11 by an amount of fxtan (2n6).

[0048] As shown in FIG. 4, by taking notice on a specific
pattern of the slits 26, 26 . . . as a starting pattern, a
horizontal reference position, i.e. a distance dx between the
slit 27a on the photodetection means 11 and the starting
pattern should be measured.
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[0049] For the distance shorter than the pitch spacing, a
phase difference ¢ from the horizontal reference position
with respect to the pitch spacing is calculated by Fourier
transform of the output of the photodetection means 11.

$xp/(2) )
[0050] By calculating ¢ from the equation (2), the distance
shorter than the pitch spacing can be measured with high
accuracy. By adding this to the distance longer than the pitch

spacing as obtained from the distance of the starting pattern,
the total distance can be calculated.

[0051] Regarding the amount of movement (tilt angle) in
the Y-axis direction, the amount of movement (tilt angle) in
the Y-axis direction is calculated from the triangular shape
of the slit 26 with its width gradually changed.

[0052] That is, the slit 27b is projected so that it crosses the
slit 26 in the X-axis direction and the slit 27b is not moved.
Therefore, when the tilt detecting device itself is tilted in the
Y-axis direction, the width of the triangular slit 26 which the
slit 27b crosses is changed. The amount of the change is
proportional to the tilt angle in the Y-axis direction. The
arithmetic processing unit 13 can calculate the tilt angle in
the Y-axis direction based on the change of the width.

[0053] To ensure high measurement accuracy, calculation
is made on the width of crossing for all of the slits 26, and
an average value dy, . is obtained. From a pitch width p and
proportional relationship k determined in advance, it is
possible to calculate the distance L on the photodetection
means 11 from the following equation (3).

L=k dy elp ®

[0054] Further, the tilting in the Y-axis direction can be
calculated from the equation (1).

[0055] The shape of the slit 26 with its width gradually
changing is not limited to the triangular shape. The slit of
any shape may be used so far as the width is changed and
correspondence to the tilting is set.

[0056] Referring to FIG. 5, description will be given on a
second embodiment of the present invention.

[0057] In FIG. 5, the same component as in FIG. 1 is
referred by the same symbol, and detailed description is not
given here.

[0058] In the embodiment of FIG. 5, the first half-mirror
5, the second half-mirror 15 and the third half-mirror 21 are
changed. Because these are changed in similar manner,
explanation is given below only on the first half-mirror 5.

[0059] A beam splitter 28 having a semi-transmitting
surface 28a is used as the first half-mirror 5. The beam
splitter 28 has a surface 28b tilted with respect to a trans-
mission light, which passes through the semi-transmitting
surface 28a, among the light beam coming from the first
light source 1.

[0060] The surface 28b reflects the light beam passing
through the semi-transmitting surface 28a by deflecting the
light beam from the incident light optical axis, and a
reflection light from the surface 286 does not enter the
photodetection means 11. For this reason, noise is decreased
in the light beam received by the photodetection means 11.

[0061] Referring to FIG. 6, description will be given on a
third embodiment of the present invention.
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[0062] In FIG. 6, the same component as in FIG. 1 is
referred by the same symbol, and detailed description is not
given here.

[0063] In FIG. 6, there is provided an optical member 29,
which optically integrates the semi-transmitting surface 28a
with the liquid member 6. The optical member 29 has a
refractive index equal or similar to the refractive index of the
liquid member 6. For this reason, reflection and refraction on
a boundary surface between the liquid member 6 and the
optical member 29 are prevented. This makes it possible to
prevent generation of an unnecessary reflection light, and
measurement can be made with high accuracy.

[0064] When the refractive indexes are different between
the optical member 29 and the liquid member 6, an anti-
reflection membrane using a medium, which has a refractive
index between the refractive index of the optical member 29
and that of the liquid member 6 may be provided on a
surface where the optical member 29 comes into contact
with the liquid member 6, and the reflection light at the
boundary surface can be reduced.

[0065] Referring to FIG. 7, description will be given on a
fourth embodiment of the present invention.

[0066] In FIG. 7, the same component as in FIG. 1 is
referred by the same symbol, and detailed description is not
given here.

[0067] In the fourth embodiment, the liquid member 6 is
sealed in a container 31.

[0068] An upper inner surface of the container 31, i.e. an
upper inner surface 31a facing to the free liquid surface 6a,
is tilted with respect to the free liquid surface 6a.

[0069] The photodetection means 11 receives the reflec-
tion light reflected by the free liquid surface 6a. Most of the
light beam (90% or more) entering the liquid member 6 pass
through the free liquid surface 6a. As a result, compared
with the light amount of the light reflected by the free liquid
surface 6a, a light amount of the reflection light reflected by
the upper inner surface 31a of the container 31 is not a
negligible value. When the upper inner surface 31a is tilted,
the reflection light is deflected by the upper inner surface
31a, and it is deviated from the reflection light reflected by
the free liquid surface 6a, and the reflection light from the
upper inner surface 31a is not received by the photodetec-
tion means 11.

[0070] Therefore, S/N ratio of the receiving light on the
photodetection means 11 is increased, and this contributes to
the improvement of measurement accuracy.

[0071] Referring to FIG. 8, description will be given on a
fifth embodiment of the tilt detecting device.

[0072] In FIG. 8, the same component as in FIG. 1 is
referred by the same symbol, and detailed description is not
given here.

[0073] In the fifth embodiment, a polarization member is
added to the arrangement shown in FIG. 1, and transmission
and reflection efficiency is improved in the first half-mirror
5, the second half-mirror 15, and the third half-mirror 21 in
the embodiment of FIG. 1.

[0074] A first polarizing plate 32 is disposed between the
first light source 1 and the first condenser lens 2, and a first
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h/4 polarization member 33 is arranged between the liquid
member 6 and the first half-mirror 5, i.c. in a common
optical path for incidence and reflection of the light beam.
Similarly, a second polarizing plate 34 is arranged between
the second light source 17 and the fourth condenser lens 18,
and a second A/4 polarization member 35 is disposed
between the reflection member 22 and the third half-mirror
21. A polarization beam splitter is used as each of the first
half-mirror 5, the second half-mirror 15, and the third
half-mirror 21. The first half-mirror 5, the second half-
mirror 15, and the third half-mirror 21 reflect an S-polarized
light and allow a P-polarized light to pass.

[0075] As the light source, a light source such an LED, etc.
is used so as not to define polarization.

[0076] The light beam emitted from the first light source
1 is turned to an S-polarized linearly polarized light by the
first polarizing plate 32 and enters the first half-mirror 5. As
described above, the first half-mirror § serves as a polariza-
tion beam splitter, which reflects the S-polarized light and
allows the P-polarized light to pass. Therefore, the light
beam from the first light source 1 is reflected toward the
liquid member 6. The light beam reflected by the liquid
member 6 passes through the first A/4 polarization member
33 twice, and the light beam is turned to a P-polarized
linearly polarized light. Therefore, the light beam passes
through the first half-mirror § and the second half-mirror 15
and is received by the photodetection means 11.

[0077] The light beam emitted from the second light
source 17 is a P-polarized linearly polarized light, and the
light beam passes through the third half-mirror 21 and is
reflected by the reflection member 22. When the light beam
is reflected by the reflection member 22, the light beam
passes through the second /4 polarization member 35
twice, and the reflection light is turned to an S-polarized
light. Therefore, the light beam is reflected by the third
half-mirror 21 and the second half-mirror 15 and is received
by the photodetection means 11.

[0078] As described above, reflection and transmission are
performed using polarization, and this contributes to the
improvement of efficiency. The light receiving amount on
the photodetection means 11 is increased, and this leads to
the improvement of measurement accuracy.

[0079] If a light source emitting a linearly polarized laser
beam such as a semiconductor laser is used, the first polar-
izing plate 32 and the second polarizing plate 34 can be
omitted.

[0080] Referring to FIG. 9 and FIG. 10, description will
be given now on a sixth embodiment of the tilt detecting
device.

[0081] In this embodiment, the functions of the first light
source 1 and the second light source 17 in the first embodi-
ment shown in FIG. 1 are fulfilled by a single light source.

[0082] On an optical axis of the first light source 1, the first
condenser lens 2, the first pattern 3, and the second con-
denser lens 4 are sequentially arranged. A beam splitter 37
is positioned to face the second condenser lens 4, and the
liquid member 6 sealed in a container (not shown) is
disposed on the upper surface of the beam splitter 37. A
reflection means 38 such as a mirror is arranged on an
opposite side of the second condenser lens 4 with the beam
splitter 37 between the reflection means 38 and the second
condenser lens 4, and a reflection member 22 is disposed to
face a reflection surface of the reflection means 38. The
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reflection member 22 is mounted on a fixed structural
member such as a housing of the tilt detecting device itself.
When the tilt detecting device itself is set at the horizontal
position, the reflection surface is aligned with the horizontal
direction.

[0083] The third condenser lens 9, and further, the pho-
todetection means 11 are arranged to face the free liquid
surface 6a of the liquid member 6.

[0084] Patterns 39 and 40 are formed on each side of the
first pattern 3 with the optical axis therebetween. The optical
arrangement is designed in such manner that the light beam
passing through the pattern 39 is directed toward the liquid
member 6 and the light beam passing through the pattern 40
is directed toward the reflection member 22.

[0085] The first light source 1, the first condenser lens 2,
the first pattern 3, the second condenser lens 4, and the beam
splitter 37 make up together a free liquid surface light
projecting system. The first light source 1, the first condenser
lens 2, the first pattern 3, the second condenser lens 4, the
beam splitter 37, and the reflection means 38 make up
together a fixed reflection member light projecting system.
The beam splitter 37 and the third condenser lens 9 make up
together a photodetection optical system.

[0086] The light beam emitted from the first light source
1 is turned to a parallel beam by the first condenser lens 2,
and the parallel beam passes through the first pattern 3.
Among the parallel light beam passing through the first
pattern 3, the light beam passing through the pattern 39 is
reflected by the semi-transmitting surface 37a of the beam
splitter 37 and reaches the free liquid surface 6a. The first
pattern 3 and the free liquid surface 6a are at positions
conjugate to each other, and an image of the pattern 39 is
formed on the free liquid surface 6a. The light beam
reflected by the free liquid surface 64 and passing through
the semi-transmitting surface 374 forms an image on the
photodetection means 11 by the third condenser lens 9.

[0087] The light beam passing through the pattern 40
passes through the semi-transmitting surface 372 and is
reflected and deflected by the reflection means 38 and is
directed toward the reflection member 22. Further, the light
beam reflected by the reflection member 22, the reflection
means 38 and the semi-transmitting surface 37a forms an
image on the photodetection means 11 by the third con-
denser lens 9.

[0088] On the photodetection means 11, the image of the
pattern 39 reflected by the free liquid surface 6a and the
image of the pattern 40 reflected by the reflection member 22
are formed at the same time.

[0089] When the tilt detecting device itself is tilted, the
free liquid surface 6a is relatively tilted with respect to the
tilt detecting device itself because the free liquid surface is
maintained in the horizontal direction.

[0090] The optical system as described above is integrated
with and fixed on the tilt detecting device itself, and the
photodetecting position of the pattern 39 on the photode-
tection means 11 is moved in association with the tilting.

[0091] The amount of movement is given, as described
above by the equation (1):
L=fxtan(2n0)

[0092] where 8 is a tilt angle of the free liquid surface 6a,
n is refractive index of the liquid, and f is a focal length of
the third condenser lens 9.
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[0093] On the other hand, the pattern 40 reflected by the
reflection member 22 is not changed even when the tilt
detecting device itself is tilted, and the photodetecting
position on the photodetection means 11 is not changed.
Therefore, by detecting displacement of the positions of the
images of the patterns 39 and 40, it is possible to obtain tilt
angle of the tilt detecting device itself.

[0094] Next, when the reflection member 22 is mounted
on an assembly or a component which is removably
mounted on the tilt detecting device itself, and if it is wanted
to set the assembly or the component in a horizontal posi-
tion, the reflection member 22 should be made parallel to the
free liquid surface 6a. Therefore, if it is supposed that
deviation between the photodetecting position of the pattern
39 received at the photodetection means 11 and photode-
tecting position of the pattern 40 is 0, the free liquid surface
6a and the reflection member are in parallel to each other.
Thus, leveling operation should be performed on the tilt
detecting device itself in such direction that the deviation
will be 0. Accordingly, when a plurality of assemblies and
components are removably mounted on the tilt detecting
device, the entire system can be used with horizontality
compensated with high accuracy.

[0095] According to the present invention, the tilt detect-
ing device for detecting tilt by a reflection light from a free
liquid surface comprises a photodetection element, a liquid
member for forming the free liquid surface, a fixed reflection
member fixed on a structural member, a free liquid surface
light projecting system for projecting a light toward the
liquid member, a fixed reflection member light projecting
system for projecting a light toward the fixed reflection
member, a photodetection optical system for guiding the
reflection light from the free liquid surface of the liquid
member and a reflection light from the fixed reflection
member toward the photodetection element, and an arith-
metic processing unit for calculating deviation based on two
reflection images received by the photodetection element
and tilting of the device itself. Thus, accurate tilting can be
detected without being influenced by error over time and by
the change of environmental temperature. Further, when the
fixed reflection member is mounted on an assembly other
than the assembly, on which the tilt detecting device is
placed, tilting of the entire system including other assembly
can be detected.

What is claimed is:

1. A tilt detecting device for detecting tilt by a reflection
light from a free liquid surface, comprising a photodetection
element, a liquid member for forming said free liquid
surface, a fixed reflection member fixed on a structural
member, a free liquid surface light projecting system for
projecting a light toward said liquid member, a fixed reflec-
tion member light projecting system for projecting a light
toward said fixed reflection member, a photodetection opti-
cal system for guiding the reflection light from said free
liquid surface of said liquid member and a reflection light
from said fixed reflection member toward said photodetec-
tion element, and an arithmetic processing unit for calcu-
lating deviation based on two reflection images received by
said photodetection element.

2. A tilt detecting device according to claim 1, wherein a
first pattern is provided in said free liquid surface light
projecting system, and a second pattern is provided in said
fixed reflection member light projecting system, and the
reflection images are pattern images.
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3. A tilt detecting device according to claim 1, wherein
said first pattern and said second pattern are darkfield
patterns.

4. A tilt detecting device according to claim 1, wherein
said free liquid surface light projecting system and said fixed
reflection member light projecting system project linearly
polarized light beams of the same phase, wherein a 1/4
polarization member is provided in a common optical path
for incidence and reflection of the light to and from said
liquid member, wherein a A/4 polarization member is pro-
vided in a common optical path for incidence and reflection
of the light to and from said fixed reflection member, and
wherein said photodetection optical system comprises a
polarization optical member, which allows only the reflec-
tion light from said liquid member and said fixed reflection
member to pass.

5. Atilt detecting device according to claim 4, wherein a
direction of polarization of the projected light beam is
determined by a polarizing plate.

6. A tilt detecting device according to claim 1, wherein
each of said free liquid surface light projecting system, said
fixed reflection member light projecting system, and said
photodetection optical system comprises a beam splitter, and
said beam splitter has a surface tilted with respect to a
transmission light passing through a semi-transmitting sur-
face.

7. A tilt detecting device according to claim 1, wherein
said free liquid surface light projecting system and said fixed
reflection member light projecting system comprise a com-
mon light source, and a beam splitter for splitting the light
beam from said light source to a light beam directed to said
liquid member and a light beam directed to said fixed
reflection member.

8. A tilt detecting device according to claim 7, wherein
there is provided a pattern arranged in such manner that the
light beam from said common light source can pass through,
and said pattern further comprises a pattern where the light
beam directed to said liquid member can pass through and
a pattern where the light beam directed to said fixed reflec-
tion member can pass through.

9. A tilt detecting device according to claim 1, wherein
said liquid member is accommodated in a container, and an
upper surface of said container is tilted with respect to the
transmission light passing through said free liquid surface.

10. A tilt detecting device according to claim 1, wherein
said free liquid surface light projecting system comprises a
half-mirror for reflecting the light beam toward said liquid
member and for allowing the reflection light from said liquid
member to pass, and said half-mirror and said liquid member
are optically integrated with each other.

11. A tilt detecting device according to claim 10, wherein
said half-mirror and said liquid member are optically inte-
grated with each other via an optical member.

12. A tilt detecting device according to claim 11, wherein
a refractive index of said liquid member is approximately
equal to a refractive index of said optical member.

13. A tilt detecting device according to claim 11, wherein
an anti-reflection membrane is provided between said liquid
member and said optical member.



